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Introduction 

The PDP-1 is a binary, word-oriented digital computer. It 
has the ability to perform arithmetic upon numbers represented in 
either of two formats known as one's complement and two's 
complement respectively. Two' s complement is a relatively recent 
addition to the PDP-i but it is the preferred mode of operation. 
Therefore, this raanual will describe in detail only the two's 
complement mode of operation. However, since many existing 
programs are written to run in one's complement mode, a brief but 
complete description of one's coii?)leBient mode may be found in 
Appendix I. 

Although two's complement mode is preferred, one's comple- 
ment mode is still the default mode of operation. To assemble and 
debug a program to run in two's mode, the following three steps 
must be takent 

i. Place the symbol ^'twos" at the beginning of the 
program that you wish to assemble. This tells the 
assembler that your program is to run in two's mode. 

2. lyiake "'e2m" the first instruction of your prc^ram. 
This will set the computer to run in two' s complement 
mode. 

3. Type **Dtwos" to ID. This tells ID that numbers are 
represented in two's complement form. This need only be 
done once during each console session. 
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Basic Instructions 



1.1 



Word Fornftts 



Each PDP-1 word is 18 bits long. The bits are numbered, in 
decine.1, to 1? from left to right. In this mnual, all numbers 
are octal, unless otherwise specified. The numbering of bit 
positions in words is always decimal. 



0123456 7 8 9 iO 11 i^ ^3 14 13 16 17 



Mil 



in 



first 
octal digit 



last 
octal digit 



1.1.1 



Number Formats 



The entire word may be regarded as a signed 18-bit number. 
Bit is the sign bit. It is on (i.e., a *1**; if the number is 
negative. Positive numbers are represented in the ordinary binary 
notation. The range of positive numbers that can be represented 
is to 377777 (13107I decimal). The negative of a number is 
formed by complementir« all bits of the number and then adding 1. 
Hence -1 is represented as 777777. 400000 (-I31072 declBftlj is 
the most negative number that can be represented. Note that the 
negative of is 777777-?^ which is 0. 



EXBimglea 
Number (base lo) Two' s CompleBient 





5 

-5 

131071 

-131071 

-131072 





5 
777773 

377777 
400001 
400000 



By ignoring the sign convention, a program could deal with 
data words as unsigned numbers ranging between and 262143 
(decimal) or and 777777 (octal). 

The addition rule for 2 18-bit nximbers is as follows. Add 
the 2 numbers in the normal fashion, propagating carries to the 
left. If there is a carry out of the last bit (bit 0) it is 
ignored. The addition is said to overflew if the result does not 
correctly represent the algebraically correct sum, i.e., the 
n&gnitudo of the correct result is giea Lei Uian '377777 -* "^^^'^ ^^ ""^^e 

The overflow condition is equivalent to the condition that a 
carry occurred from bit 1 but not from bit or vice versa. 




123456 

nn,l&- -fe.>4666€6 

^012344 



7 

. .00 



123456 
+ eeeees 

12344 ="iol2344 






lolo2 Addressable Instruction ForBBit 

Instruction Part Address Part 



.j^ 



y^ 



'012345' 6 7 8 9 io 11 12 13 14 15 16 17 



C G C C C I 



aaaaaaaaaaaai 



V 



— s/ — 

Opo Code 



-^ A ^ 



sy 



J 



1 of 4096 (deciml) locations 



the '*1'' bit 



The "instruction part** consists of 5 bits (the "op. code**) 
that tell which instruction the computer will do if it executes 
this word, and the **i-bit** which has to do with address 
modification. 

Except for Jmp and Jsp, addressable instructions take a 
minimum of two "i^mory cycles — one to fetch the actual 
instruction and another to fetch the operand, jmgi and jsp do not 
take an operand and consequently, require a minimum of one cycle. 
The amount of time required for the execution of an addressable 
instruction depends on what addressing is done (see PDP-35* 
INSTRUCTION MANUAL, Part 2 for complete information}. Under the 
most common conditions, the actual time required for instruction 
execution is the minlmiim time given above. 



1.1.6 



Non-addressable Instruction Format 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 I7 



CCCCC|EEEEEEEEEEEEE| 



Op. Code 



J\, 



-Vr 



_^ 



Extended Op. Code 



The low 13 bits are actually an extension of the op. code, 
further specify ire what the computer is to do. Non-addressable 
instructions never require more than one cycle because they do 

ot reference memory, except for the ivk instruction with PRL on 

See PDP-35, INSTRUCTION mNmL, Part 57. 
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1.2 Registers 

The PDP-1 contains 6 18-bit registers which define the state 
of the user's process. They are the A (accumulator}, I 
(input/output register), X (index register), G, F (flag 
register), and W. When the user first logs in, all of these 
registers contain (all bits off). This defines the initial 
state of the user's process. Each of these registers has its own 
properties. 

1.2.1 Accumulator 

The accumulator is the major register for use in processing 
data. Most arithmetic and logical instructions operate on data in 
A and leave results in A. 

1.2.2 Input/Output Register 

The input/output register was originally used primarily for 
input/output operations. This is no longer true. I is new a 
secondary accumulator. Many arithmetic and logical operations can 
be performed on data contained in I. 

i.2,3 Index Register 

The index register has two functions. First, it is used in 
addressii^ memory (See PDP-35, INSTRUCTION mNUAL, Part 2). 
Second, it is, like I, a secondary accumulator. 



1.2A 



G Register 



The G register contains the 15-bit program counter, the 
overflow bit, the extend mode bit, and the arithmetic mode bit* 

The program counter (PC) is bits 3-1? of the G register. The 
purpose of the progiem counter is to tell the processor where in 
memory the instruction that is to be executed next lies. The 
program counter is incremented after each instruction so that 
instructions are executed sequentially, according to their 
locations in memory. When the program counter is incremented, 
carries out of bit 6 of G are lost. Thus, the instruction 
executed after the instruction in location 7777 is the 
instruction in location O^^iCertain testing instructions increment 
the PC an extra time, causing an instruction to be skipped. 

Bit of G is the overflow bit (OTF). It is set to 1 by 
certain arithmetic instructions when overflew occiors, and cleared 
by the szo instruction. Bit 1 of G is the extend mode bit (EXD). 
This blt~is used in addressing (See PDP-35* INSTRUCTION MANUAL, 
Part 2). Bit 2 of G is the arithmetic mode bit (TWOS). If this 
bit is off, the processor is in one's complement modej if this 
bit it on, the processor is in two' s complement mode. 

The foruBt of the G register is shewn belcw. 

0123456 7 8 9 10 11 12 13 14 15 16 17 
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1.2.5 



F3^g Register 



The flag register contains the 6 program flags and several 
bits which define various states of the processor. 

The program flAgs are 6 i-bit registers that may be quickly 
and conveniently set and tested by programs (see Oi^rate and Skip 
c^ss instructions and also PDP-35, INSTRUCTION mNUAL, Part 3, 
section 3.2.6 concerning the light pen). 

The 3 bits AMD, AEP, and AAL determine the mode of 
addressing which the processor will use on memory referencing 
instructions (see PDP-35, INSTRUCTION MANUAL, Part 2}. 

The 2 bits SBH (Sequence Break Hold) and SBM (Sequence Break 
Mode) determine the state of Ihe sequence break system (see PDP- 
35, INSTRUCTION mNmL, Part 3). 

The ESI (Execute Sir^le Instruction) bit causes the 
processor to trap after each instruction is executed (see PDP-35, 
INSTRUCTION MANUAL, Part 5). 

The PRL (Program Reference List) bit affects the way in 
which the ivk (Invoke) Tnstruction"works (see PDP-35* INSTRUCTION 
MANUAL, Part^J. When the PRL bit is 1, references to memory 
locations 0-77 are illegal. 

The format of the F register is as f ollowst 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
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1.2.6 



W Register 



The W register, a software register maintained by the time- 
sharing supervisor, is used solely for communication with the 
supervisor./^ Certain mta and ivk instructions (both are supervisor 
calls) use the W register (see PDP-35, INSTRUCTION mNUAL, Part 
5). 
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Instructions to Set the Arithmetic Mode 



the PDP-1 processor my operate in either of two arithmetic 
modes, one's complement and two's complement. Tbie f^^^^^^^^f .f^ 
in Which an instruction is executed is determined by ^^e state of 
the TWOS bit in the G register. When the TWOS bit is off 
(contains a o), the processor is in one's complement mode. One s 
complement mode (TWOS off) is the default mode. The folloi/^ing 
instructions change the state of TWOS. 

Mnemonic Op.Code Name Function 

e2m 770060 Enter two's mode Set TWOS to i 

elm 77006I Enter one's mode Set TWOS to 



The instructions add, adm, sub, mul, div , i^p isp, sft, 
>pr, and opr i (the micro-program instructionTbehave dirferently 
In one's anan&wo's mode. Address arithmetic is always done in the 



current arithmetic mode. 
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1.4 Addressable Instructions 

In this section, the symbol *y* when iised In the context of 
*lns y* means the memoTY location referenced lay the instruction 
**ins*. The notation •(y)* means the contents of location y» Par 
infornCLtion on how addresses are computed, see PDP-35# 
INSTRUCTION mNUAL, Part 2. 



lo4.1 



Data Moving Instructions 



These instructions serve to move data between memory 
locations and the A, I, and X registers. These instructions copy 
c&ta words (or parts of words) from one p3ace to the other and 
never destroy InforBoation at the soiipce. 



Mnemonic Op .Code Name 



lac y 


20 


load A 


lio y 


22 


load I 


Ixr y 


12 


load X 


dac y 


24 


deposit A 


dio y 


32 


deposit I 


dap y 


26 


deposit address 
part of A 



dip y 



dzm y 



30 



34 



deposit instruc- 
tion part (of a) 



deposit Zero in 
memory 



Function 

Copy (y) into A 

Copy (y) into I 

Copy (y) Into X 

Copy A into y 

Copy I into y 

Copy the low 12 bits of A 
into y. The high 6 bits of 
y are unchanged 

Copy the high 6 bits of A 
into y. The low 12 bits of 
y are unchanged 

Makes location y contain 



1.4.2 



Logical Instructions 



These instrijctions take one operand in A and the other from 
a memory location. The result is left in A. Each bit of the 
result depends only on the corresponding bits of A and the memory 
word before the operation. 



Each bit of A will be a 1 
If and only if the corres- 
ponding bits in A (before 
the instruction) and (y) 



Pfriemonic 


Op. Code 


Name 


were — 


and y 


02 


and 


both one 


ior y 


04 


inclusive 
or 


not both zero 


xor y 


06 


exclusive 
or 


different 



ft 



lo4.3 



Arithmetic Instructions 



The followirs instructions are used to compute sums and 
differences. The ** left*** operand is in A and the "right* operand 
is taken from memory. The result is left in A and in the case of 
adm (add to memory), it replaces the contents of the memory 
location as well. 

The overflow bit OTF will he set by the add , adm, or sub 
instructions if the signed result cannot be correctly represented 
in 18 bits. This is the case if and only if a carry occurred from 
bit one and no carry occurred from bit 0, or vice versa. See the 
szo instruction. 



Mnemonic Op. Code Name 

add y 40 add 

adm y 36 add to memory 

sub y 42 subtract 



Function 

Svm of A and (y) to A 

Sum of A and (y) to A and y 

A minus (y) to A 



/3 



1.4.4 



Multiply 



X sfeiC'^s 



Multiply/^6perates upon two 18 bit numbers to produce a 36 
bit product ♦^l n&y be viewed as multiplying two ±7 bit integers 
plus signs to produce a 35 bit integer plus sign in the combined 
A and I registers. /^]gL /veverv sers ths ov€itp(.ow b it oV F 



12 



s 



ign--^ 



• • 



16 17 1 2 16 17 

I I H I I I* "I I I 



t 
least significant bit 



When two integers are multiplied such that the result can be 
held in one register, the entire result will be in I in the 
conventional signed integer f ors&t. 



Examples — 



Before mul 
A y 



3 

-3 

3 

-3 

400000 

400000 



200000 
200000 

2 

2 

2 
400000 



Mnemonic Op.Code Name 
mul y 54 multiply 



After mul 


A 


I 




777777 


777777 
777777 
200000 


600000 
200000 

6 
777772 






F line t ion 




A times 


(y) to A, I 



Multiply takes a minimum of two memory cycles plus from 3 to 
15 microseconds, depending on the number of one's in A. 
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1.4.5 Divide 

Divide (dlv ) takes a double-length integer in A and I (in 
the format produced l>y mul ) and divides this by a single length 
integer in the addressed memory location. The result of a dlv is 
a single-length integer quotient in A, and a single-length 
integer renainder in I. The sign of the remainder will be the 
same as that of the dividend. , 

If a quotient overflow occxars, that/ is, if the divisor goes 
into the dividend more times than can/ be represented in the 
accumulator (a), the dlv Instruction wll4 not skip. If a dlv does 
not skip, the contents of the A and I registers are preserved if 
the divisor is 0, otherwise they are usually destroyed, dlv never 
sets the overflew hlt^O^f^ 



Examples 



Before divide 






16 





7 





11 





25 


1 


400000 


777776 


377777 


777777 





200000 





6 


777776 




c(y) 



2 

3 

777773 
Y77774 

200000 

Y77774 

400000 

400000 


100000 



77777 

Mnemonic Op.Code Name 
dlv y 56 divide 



A 


I 


7 





2 


1 


-1 


4 


-5 


1 


6 





300000 


-1 


2 





400000 





no skip, A 


and 


I unchanged 


no skip, A 


and 


I destroyed 


F\mction 





•? 



Quotient of (A,l)/(y) to A 
Ren&inder to I 
Skip If the quotient does 
not overflew 



Divide instructions which skip take two cycles plus 20 
microseconds. Divide -instructions which re&t-ope-— A-aed-I-amd-do- 
not^sSp^-feate,..2--t5yclesT~oth^r non-sld£pi^__dlv_^^^ — eyeles a 
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1.4o6 Counting Instructions 

The two instructions Idx and isp add one ( in the ouiTont 
arlthTnctlr mniin.^ to the contents of the specified memory location 
and leave the result both in memory and A. isp skips the next 
instruction if the result is positive. Neither instruction will 
set overflew. 



Mnemonic Op.Code Name Function 

idx y 44 index (jy) + 1 to A and y 

isp y 46 index and skip (y) + 1 to A and y 

if result positive skip if result 2 



i.4.7 Compare Instructions 

The follow ir« two instructions are used to compare A with 
the contents of a memory loot ion. The comparison is done bit-Tsy- 
bit, therefore, the contents of A are the same as the contents of 
memory if and only if every bit of A is the same as the 
corresponding bit in memory. 



Mnemonic Op.Code Name and Function 

sas y 52 skip if A is the same as (eqxaal to) the 

contents of y 

sad y 50 skip if A is different from (y) 



a 



1.4.8 



Transfer of Control 



All of the following instructions have the effect of 
changing the program counter (PC) so that the PDP-1 will begin 
executing instructions in a new sequence. 



Mnemonic Op. Code Name 
Jmp y 60 Jump 



jdp y 
Jsp y 
jda y 
cal y 



14 

62 
17 
16 



Function 

transfer control to location 
7 



Jump and deposit store G in y. Jump to y4l 
program counter 

Jump and save Jianp to y and save G in A 
program counter 

Jump and deposit store A in y, save G in A. 

accumulator Jump to y4l (dac y, Jsp y+l) 



call 



store A in 00100, save G in 
A, Jump to OOiOl, y ignored 
(similar to Jda 100 ; 



The instructions Jdp, Jsp, and Jda are used chiefly for 
calling subroutines. TKe saved G register is the linkage 
mechanism which allows the subroutine to return to the place from 
which it was called. 



Simple Examples 



Jdp subr 



Jsp subr 



Jda subr 



subr, 



Jrap i subr 



subr, dap subx 
... 
... 

subx, Jmp 



subr, 

dap subx 
... 
subx, Jmp 



These examples show three ways in which a subroutine may be 
called. In each example the method by which the subroutine 
returns to the calling program is illustrated. In each example 
the return is to the location iinnediately following the 
subroutine call. 
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1.4.9 Execute 

The xct instruction causes the contents of the specified 
memory l63atlon to be executed as an instruction. ^ct^ my 
^ecute other xct's. In all cases the effect is the same as If 
the xct were r'^pli:ied hy the instruction it addresses, x^l. takes 
a mlnl^ of one cycle plus the tin« to do the addressed 
instruction. 

Mnemonic Op.Code Name Function 

. ^Q execute execute the contents of y as 

^^^ ^ an instruction 
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1.5 Non-Memory Referencing Instructions 

1.5,1 Skip Class 

Instructions from the skip class will cause the P?-^ J^^ 
lump over one instruction in the nornftl sequence if the skip 
condition described by the low 13 bits of the instruction is 
true. 

A skip class instruction has the f ollcwing f ormt — 







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1? 
ilsssssssssss S 



r 



V- 



^\r 



Op. Code 64«skp 



X. 



J 



skip conditions 



invert sense of skip 



Bach of the low 12 bits enables a different skip condition. 



n 



Mnemonic Op. Code 
skp 640€X)0 

s2f n 64000n 



szs nO 



6400n0 



skip 

skip on zero 
flag n (l^n^T) 



skip on zero 
switch n (i^n^7) 



sza 


640iOO 


skip on zero A 


spa 


64oeoo 


skip on positive A 


sna 


640400 


skip on minus A 


szo 


64iOOO 


skip on zero 
overflew 


spi 


642000 


skip on positive I 


sni 


644000 


skip on nonzero I 



F line t ion 

never skips 

skip if program f lag n is 
off. szf 7 skips if all 
flags are off. 

skip if sense switch n is 
off • szs 70 skips if all 
switches are off. 

skip if A (0-17) = 

skip if A(0) =0 

skip If A(0) =1 

skip if the overflew bit 
(on?) is off. 

A szo instruction always 
clears OTP 

skip if l(0) = 
skip if l(0-i7) 4 



If more than one skip condition is enabled, the instruction 
skips if any (i.e. the logical OR) of the skip conditions is 
true. 

The 'H-bit" reverses the sense of the skip, i.e., a skip 
instruction with the "i-bit" on will skip if and only if ; the 
corresponding instruction with the •i-bit" off would not skip. 
For example, s kp 4200 will skip if either I 4 or A(Oj = 0. skp 
1 4200 will not skiFif either of these conditions is true. Thus, 
skp i 4200 will skip only if I « and A(0) = 1. 

The following mnemonics define several useful compound skip 
instructions, i.e, each has several skip conditions enabled. 



Mnemonic Op. Code N9.me 



Function 



szm 



spq 



clo 



640500 skip on zero or 

minus accumulator 



650500 skip on positive 
quantity 

65I600 clear overflew 



skip if A (0-17) 

A(o1=l 

(szm = smaVsza; 



= or if 



skip if A > 
(spq = smaVsza i) 

this never skips f it is 
used to clear overflow 
(clo = spaVsmaVszo 1) 



io5o^ ShlJPt/feotate Claee 



ThQ shift instructions perfoai'm a variety ot functions, 
IncltKilng rotat©»i» logical and arithmetio shifts, narnali^atlon^ 
and bit countingo The regietex* operated upon nay l>e the A, l^ Ai 
(bit 17 of A Joined to bit of l), or lA (bit 1? of X Joined to 
bit of A) or even combimtl€«ri8 in which one of the registers is 
reversed. The A and I reglstere tray be operated upon independent- 
ly, but they nsuet shift the eame number of bitSo 



1 



i 1 



3^5678 9 10 il IS 13 14 ±5 16 IT 

ds ssIdss sIcccccI 

"" ' ' "' " '"'' m I ■! ■ I I ■ m I .HH II I II f 



ppcCode 66i««sft 



^ X .,. 



■^^.•^ 



-r ■%_,—.. 



A field 



I field 



Cmint 



If the count field is zero^ the Imi 5 bits of the m are usied instead, 
The 4 bits of the A and I fields are interpreted as followas 



\t>\ s s s 

* I I m i l I I II. ■ II il I ii « « 





1 



right (R 
left (x. 



specifies the operation, particularly th^ 
Inf OTBsation shifted into the vacated bit 

Because of the great number of possible operations* the 
mnemonic© for this instruction {and„the **r!iicro»prograia* instruc- 
Hw ^^^SK^2m^^K^^^ "sjicro^eoded^o That is, they are asseia- 
bl@d in a asethodical way from constituent letterse This nsakes it 
easier to analyse the ins^tructions in terms of their Ijaslc 
components, rather than trying to describe 256 (or« m tha^fle 
of Ihe rfiicro^progra© instruction, I^J initra^loSs, Shill 
Inatructions a3?e written entirely in UPPER mSE ciaracters. (This 
is to avoid conflicts %rith other symbols.) Since ID has raanv 



T.H.S^H,?^^^^?!?^®^.^l?^^Sf ^®*^ ^ preceded ^fcy a single quote 
Khi^n typing them into iDo The assembler has no such problemo 

'^^t.j- §?^^ instructions al^^ys consist of three ubdss* case 
letters, specifying a directioh, operation, and regl3te?f^^ 



im 



direction a* 3.ef t 




register » A 



operation ^ *2^ (see below) 



..^ ^n a *'baslc*'^ fl?i^t Instruction, thcs register Is given as 
either A at I, and the operation is one of the nine letters given 
below. The operation and direction are encoded into the "5SSS^ 
field for the indicated register « The field for the other 
register is set to 0000, raftklng that register do nothing* 
Instructi^Ds directing acttonis by ijoth A «.nd I Jisay be i^ritten by 
inclusive orHng basic instruction©* 

Example -. IfA 5^^ - fUH$ h H^^JJ^IH ^? ^ "g^j^ operation 
LZAwPI 5 shift X right ^ bits in a "^P* 

operatiwi siimalt&neousXy with the above 
LZA shift A left a number of bits eqml to 

The eight possible operations are specified by the following 

letters -—« 

letter stand* for SSS 



F 000 

If direction « a* do nothing to this regiatero 
If direction *« h, seroee are ehifted into bit if, bit 
1© unchanged^ if bit lost from bit 1 f bit 0^ get 
overflow (arithi?^etic left shifty doubles the laagnit^^da 
of the number for each bit shifted) 



Q ^ 001 



'« 



If direction « h« see below* 

If direction ^ L# bit of other register is shifted 

into bit 17^ bit is i^changedg if bit lost from bit 1 

f bit 0, set overfio^f (arithnsetic shift left coBibined« 

if other register i» simult&neo^isly doing a left ^Z^ 

Bhiftio 



si^ro 010 

Shift aeros into vacated bit (logical shift) 



on© 015. 

Shift ones Into vacated bit a 



propagate ICX) if right 
tOS. If l^ft 



vacated Mt i» shlfteiJ Into itmltm 00 it propapat^s 
ItseXf along tho reslcter. If aix'eotioo « a, this i« ao 
arithmetic right ahtft, halving the wagnit^de of th^ 
niarahar for each ]^&ltion shifted o Mtsn-'lnttgra^ results 
are rmmded tQmr€i minus infinity* 



rotate 101 if right 
100 if left 

The bit at the opposite eijd of the same^ register 
is shifted into the vacatecTuito Kence, bits filling 



off one end are re^introdiaced at the other ^ peaking — 
register ^'rotate** as if its ends vxere tied together in 
a ringo 

¥ reverse 110 if right 

111 if left 

The "bit at the eorreaponding end of the other register 
is shifted into the vacated hit. If thi^ other register 
is siaaultaneously shifting in the opposite direction, 
Mts that fall off it will he introduQed into this 
register in the reverse order o 

C confine i±l if right 

HO if left 

The bit at the opposite end' of the other register will 
be shifted Into the vacated bito If the other register 
is shifting in the saiss direetlor$^ bits th®.t fall off 
it will be shifted into this regieter as if it were an 
extension of the othero Bogo US^V12I shifts the AI left 
together 5 ina^rtlng seroa into 1(1?) » In practice^ it 
la rarely necessary to write such combinations ? because 
there are abi:E*eviations for thesio L^C In equivalent to 

Fc.r convenient arithnsstio shifts^ a ninth letter ia defined « 

S shift 100 if right 

000 if left 

Equivalent to F if left or P if rights 



EGA Is used f^ ncTfmlizatlon an<i T?it coiantinso T'u«? ftC 
does not shift at aXX^ but Is initial! sgsa to 
ze^^o and coiantSo IF the 10 operation le F cs? 
0| the operation proc©«<le witll either l{0) f 
1(1) or the count ruas out„ The AG ret'jsrnB 
the number of places actiJiaXly ©hiftado E^gp 
amvLPl 7 (csr, equivalently, RGI^VI^I TJ 
shifts the XO left at nsoet 7 placea or until 
it 16 about to ove2*flow* returning tho number 
of places ahift«d In the AC^ If th© 10 
opei:^ticwi is Z^ 0, P, Hj Y«« oK* C^, it %fill 
shift a» usT^X for the full count <, The AC 
will count the number of tin©s a 1 lis shifts 
out of 1(17)0 E«So RC2AVH2I 5 counts th© 
niimber of ones in I(l3~17)o 

HCJI is re&QX»vecl for futw»e explinaiono 

Operation® ccmtaiiaing EGA my be conveniently 8pecifi®"d by 

S3-%'ing U (no3:'rBali2e} as if it were the ragistes*, and specifying 
the direction and operation to be perf^^B^d on the XOo xyK 1b 
equivalent to llOkS^l for all x and yo I^N f is equi^mlent to 

HaAvi:Si 7. ■ 



Mast of the co«a&on ooabined opes^atlona nay be i^^^itten with one 
syiBbol by specifying C (cembinedj gt R {revepBB combined) in 
place of A or I for the register « ®G® issB^kes the shift operate on 

AI as a 36 bit register , ^R^ m.k&B. the shift operate on lAo 

If the operation is not S c^ R^ a left cof^bined shift caus^a 
both regii^ters to shift left^s the AC doing a "c" i^hiffc $,nd the 10 
doing whatever operation is specified oy the second letter^ 

LxC ^ I-a^VLKX if 3?: t S or a 

l^C « X^VLSX^ a combined arlthosetlc left shift o 

MO « LG&VLCI, a c<^Ksbined rotate ^ 

For example^ WG » X^Vl^OI 

If^ the^operation ia not R# a rlsht combined shift caiisi^is b^th 
registers to ^Mft rights the 10 Qoing a *C'' shift and th© AC 

daing wtmtever 1© specified by the second letter^ 



RxC « il.r<AVHCI if % f H K^S 
RHC « EG^WCX^ a ooiabirfed rotate 

For* escample^ ROC » HQAV!^CI 

If the third l^at'jer iB H IniJtead of C^ the treatnsent is the 
B&xm as for 0^ ©xaapt that tJne roles of A ^nd I are 2»©¥ers@d^ r^o 
the XO is considered t«j be to tht left ©f the AC in the combisrad 
register a 

PoX' example^ um f* !,£^\a<CI 



EXAMPLES 



OPEHATION A I A 2 lA 

ehlft left LSA LSI LSC I^H 

shift rlghfc RSA RSI RSC RSR 

r-otat® l©ft IflA LKX X*^C UtR 

rotate right RRA RHI RHC - RHR 

logical left LZA LSSI LZC LZR 

logical right RZA R2I RZC HZR 



cowit bite in I HZN 18, 

nornmlia^^ I LSN 17. 

reverse 36 bits of Ai RVAVLVI 18, 

reverse 36 blta of A I RVAVLVI 18. 



zs 



1.5.3 



The law Instruction 



law and law 1 ("load acctumil^Ltor with" ) mkB it possible to 
loaOhe accumulator with 12 bit positive or negative numbers in 
one cycle o 

012345678 9 10 11 12 13 14 15 16 17 
1 i i 01 II N N N N N N N N N N N N| 



s — ^^^ 

Op.Code 70=law 



J 



K. 



^s/" 



J 



12 -bit number to be loaded 
on to complement 



law first loads A from the address part of the instruction and 
then, if the i-bit is on, complements A. Thus, law 3 puts three 
into A and law i 3 puts 777774 into A. 

Ian ("load accumulator with negative" ) is defined as law 7777* 
ThusT' lan n (1 ^ n^ lOOOO) will load A with -n. 



2t 



1.5.^ 



The Operate Class 



Each bit of the address part of an opr instruction enables an 
operation in the processor • 



i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1? 



lllllOEEEEEEEEEEEE 



^ 



clcccclls 
lams Ima it 
itaaa iiaf 



V^ 

Op. Code 76 



J V. 



opr 



s/ ^ 

operation enabling bits 



Several operations can be enabled by tiirning on more than one 
bit in the address part. The order in which the various 
operations on A and I occur is — first, elear A and clear If 
second, OR in the test wordj third, negate Af fourth, complement 
A and complement If and last, switch data between A and I. 



Mnemonic Op. Code Name 

opr 760000 

nop 760000 no operation 

stf n 



elf n 

lia 
lai 
swp 

cmi 
cla 
csa 



76001n set flag n 
(l^n^) 



76000 n 



clear flag n 
(l^n^) 



760020 load I from A 
760040 load A from I 
760060 swap A and I 



760100 


complement I 


760200 


clear A 


7604 00 


complement and 
step A 



Function 



one cycle time delay 

set one of the six program 
flags. Set all if n=:7. Set 
none if n=0 

clear selected flag. Clear 
all if n=7. Clear none if 
n=0 

make I the same as A 

make A the same as I 

exchange the contents of A 
and I 

invert all the bits of I 

put into A 

negate A. if A contained 
400000, or? is set. 



i? 



cma 
clc 

CSC 



lat 
ell 



76IOOO complement A 

76I20O clear and 

complement A 

761400 complement, step, 
and complement A 

762000 OR test word to A 

762200 load test word 

764000 clear I 



invert all the bits of A 
put 777777 in A 

subtract 1 from A . X T 4 



copy test word switches 
into A 

put into I 



Although the stf and cH; instructions are us\jal3y used to 
nanipulate the program flags, there are also the following two 
instructions — 



Mnemonic Op . c ode Name 
Ipf 



Function 



rpf 



770051 load program flags Top 2 bits of I to Address 

mode bits. Bottom 6 bits 
of I to program flags. 

770050 read program f l^gs Address mode to top 3 bits 

of I. Flags to low 6 bits 
of I. 



O J 9 t 



The Mlcro»xa:»ograia Class 



The micro-jprogram instruction cJiass has the following Instruc' 
tion foTBsat -«- 



12 3 4 5 6 7 8 9 10 U 12 13 14 I5 16 IJ 
fi 111 1 ij X X JY ¥ y[7 I xIs" S S S 

?. -.| » l. I. ■ fc . l.ll I . I., M l ■■.,..- .1, 1,., .I- - ■' .1- I, I f . I, 






-*•%,>»-—— 



Op>Co<ie 77 



operands (coXuian in 

following tafel©) 



fiskip conditions 
aseignsaent of result 




xx 



000 

010 

oil I 



op0ratl€»> (roe? in follmiing table) 

{ ■ ■ 

Symbolic Specification of mcro^progx^m Ope3?ations 
00 01 iO H 



I 



1 

s s 

P T 

E a 

c y 
I c 

A T 



N j 



<&Uv 



101 



SA 



«i«. 



SI 



111 



sx 



Jm «U 



NX 



A-^I 



■m 



X-^A 



— ? 



TX 



NX 



X-^I 



AMI 



xm 



j. 



AVI 



30/A 



xr4X 



XVI 



AAI 



XM 



X^I 



A*"! 



«nk ' ink 



r*i 



A-l-I 



X-4A 



X-M 



T (T©st<? or transmit^ 

then cl^ar) 

H (H^^te) 

excimnge (s©e 

explanation below} 

U (ax'ithmatic mlntis) 
V C Inclusive sxp) 
A {iJittfis© and) 
"" (exclusive m^} 
•> Ca^lthssetic plus) 



Z «8 sBero 1 

S « sfeep^ ia©o contents of register •*• 1 



Mice. the, shift alags- the n^mBQ of these Instnsctlorja ax-e 
micro-coaed, loSo aiaci© up front certa,in charactex-s ana groups ef 
cbarscters, rne Instructions are v.?i:»itten entirely in UPPEH a^iSE 
characters with no liateeddad blankSe {This is ^^r subtraction is 
i^p^cif ied ' with th« letter M),. Since ID haft rmny vtpper cas^ 
co:^n&3, these instructions imaet be precede<3l by a ©ingXe quote 
{^j when typing ^hem into ID<, The aosembler has no such problemo 

Th« name of a mlcro^pragram instruction is ooieDoesd of an 
operation name (an entry in the above tabl©} followed by opfci<M3al 
characters to specify register aBsignsaiBnt and slcip conditionso 

The 28 ODorations in the above table compute a result* Except 
foE' the "T'' and *-*►*» operations, this c<«ipatation does not by 
itself modify any of the three registers^ (it asay set overflosr, 
howevero) The result will be stored in the AC, 10, or XR if bits 
±%9 12, or 13* respectively^ are on© These are specified by the 
letters A, I, and X Irmuediately follo^fing the «>peratic«i imn^o 
(Note tliat the letters in the preceding table are not assfigncnent 
latterao To assign the result of **SA^ to the AC, use **SAA***) Any 
or all reslsters xmy be epecifiedo Independently of the register 
a^sigTiir^nt^ th^ result is tested^ categorized as beins >0» <~1,' 
0^ or -1^ and the insst-nxction skips if the. corresponding skip bit 
(bitis 14 to i'T) i^ on» 

The operations are as follows — — 

aA^ SXj, sx cciitents of register pluf one^ Note that the regi^Bter ig 
not actuallj^ modified unless the reault is a^algied feack 

to that regii^terj eege SAA^ SAX g^ets XH « AC -^ 1 without 

changins AGo Stepping; 3777?? will net o-^erflowo 

TA^ TI^ T.>: The register is cleared* and its old contents are the 
val-ue of the liistriictlon<5 The value rmyg of coisrse, be 
assigned back to the same register* ©ogo TAAX sends AC 
. to XHo TAX sesids AC to XR aed then clears ACo 

m» m^ la .Mg^ateo The result is the negative (two's oosTplesnent) 

of the regigtes% The register ia rsot cMnged nanless tha 
result is assigned Isaclc to ito Nes^tion of *^400000 will 

aet overflew: o 

A-i'i etoo The Indicated resiater transfer tB,kB& place* arsd the 

rer^iiit is the original contents of the register on- the. 
rights, If the result is aissigned imck to the register 
on thQ left^ the tvo registers will singly be exchanged^ 
>^*AX exchanges AC and xHo There are no I-^, A-^^X^ or I->X 
iJistructianSp 

AMI etCo The resvlt is AC « 20 etCo Overflmv" my fee aeto Th^re 
are no in^s, AMX^^ or IJ4X injstrysction^So 



AVI^ AM» A-Is 

A-j-i^ at«» p^fTtlm my be set durlnB Addition^ These Instractiions. 

The InstrucUon will skip tf a skip bit (bi'^s %h to l?) le on 
and the cors?esponiilns condltlcai is tme, 

bit coxiOltlon 

14 >o iBt&n bit off but not all bits off) 

15 <-l (sign bit on but not all toltc on) 
^ , fan bits off) 

i? «1 Call bits on) 

cha^ctlrs*^^2 ^^ ^^ apeclfleia with one or more of the following 

ch&aracter bit value maanlns 

> iOOO res^olt > 

< OIOX result < 

^ OOlo result «a 

M 0001 resulij m «i 

^ {landm^bar} OOlO umd with < 02* >^ changes ii^anlng to ^ or ^ 

(vertical bai>) 

llil ^ lnv<?rts the aense'of antr skip condition 

If isiore than one character ^i» ^i?rittena their t>it "^luj^s will 
be exclusive or«|do Hence «-« ha© val^l iioi and m^ if th^ 
'^r^L^? 7 2; ! ^J^'^y^ ^5aps„/«^f skips if the result is or 
7lnn «^ J??!;^^?^^?H'^^ be read ^Um tlmn. mirnxB one*') has value 
OaOO and skips if the result 16 < «lo 

All mlcro-prograHi instructions require one cycle e 



sAMPijs m(mo-mmmu wm^^o^iom 



syiibolld 


ocUl 


14A 


T73«0O 


K^JA 


773700 


A+BIX 


773760 


2AU 


771iJ6o 


SA> 


7712*0 


SAA^i- 


77130s 


TXM 


776001 


TXXI4 


77*5021 


TAXI 


77^060 


TAAXI 


77^160 


A->m 


77^500 


>:-*A>« 


Tjkhl2 


i^M 


T71201 


A4-I<«^ 


T736GT 


A4-X<-»| 


773610 


--^Xi^l 


T7363:g 


K» 


"n6zo2 



actim 

cofspiitda ftai.of A fnd I an£ doe a nothing at 
iirwl^ It (tat wlU net (^F it the addition 

overfloim). 

tlie Qvm Gt A and I 10 put into A, 

the nvm Qif A and X Ifl put Into A, I* and Xa 

A» Xa a^nd X are cloarecl«. 

0klp If A plus one is > o« 

add one to (step) A and skip if it la Oo 

Skip If X Is ~1 and clear X« 

sKlp If'X tti -1« 

transfer the contents of A into I aisd X9 th%n 
clear A« 

B&ism as "JAXI* tiut A is not cleared <, 

exchans© the coi^tents of A ai:3a I« 

tranafsr the contents of X Into A,> skip if the 
previous A is positive o 

sl^ip if A plus one is -lo 

sKip if the sum of A and I is ^ Oo 
slap if the s\m of A and I is > Qo 



tho SU33 of A and I is put into X, 

is ^ 0, the instructl^j will skip, 

skip is -X i,$ 0, l«^o if X is 0^ 



If the nmn 



